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AN HLEMENTARY METHOD OF DERIVING THE DEF'LECY- 
TINQ FORUE DUE TO THE EARTH'S ROTATION. 

By T. OKADA. Dated Tokyo, Japan, May 9,1908. 

1. If a body be supposed to move without friction on the 
surface of the rotating earth, a single impulse would give to 
it a perpetual motion, but the motion could not be along a 
straight path. The rotation of the earth modifies the motion 
of the body in two aspects. First, the motion of the body 
seems appareiitly modified to the observers resting on the sur- 
face of the earth, and rotating with the latter. Second, the 
rotation of the earth alters actually the initial velocity of the 
moving body. Hence the body would be continuously deflected 
to one side of its instantaneous path, that is, to the right in 
the Northern Hemisphere and to the left in the Southern 
Hemisphere. 

I n  forming the equations of motion of the moving body we 
have therefore to add to the acting forces another force called 
the deflecting force due to the earth's rotation, supposing that 
the earth stands still and the continuous deflection of the mov- 
ing body is caused by the force just mentioned. 

I f  w be the angular velocity of the earth's rotation, u the 
velocity of the moving body, m its mass, and p the latitude, 
the expression for the so-called deflecting force is 2111~~ sin p. 

The rational methods of deriving the deflecting force given 
in treatises on mechanics, such as Hirchhoffs, are very difficult 
for beginners to understand, and the physical ideas involved 
in their elegant analyses are not to be easily grasped. On 
account of the great importance which the deflecting force 
bears to the motions of the earth's atmosphere, several mete- 
orologists have attempted to derive it from various points of 
view, and some of them have, without the aid of higher mathe- 
matics, so derived it as to make their methods intelligible to 
most elementary readers. In  their methods, however, they 
introduce the term c c  centrifugal force," a very convenient term 
when it is rightly understood, but extremely misleading for 
beginners. 

In  the present note I have made an effort to derive the de- 
flecting force without the uBe of higher analysis, avoiding at  
the same time the term cc centrifugal force." 

A body that is a t  rest at any place 
on the earth's surface has a steady motion around the circle of 
latitude of that place, and the attraction of the earth has to 
furnish the force necessary to produce the acceleration re- 
quired by the motion of the body with the earth. The accel- 
eration due to gravity is thus altered in magnitude and direc- 
tion from this cause. 

Regard- 
ing the earth as a sphere, we take P C  (in fig. 1) as the direc- 
tion of A and PQ its magnitude. Resolve A into two compo- 
nents, one P R  along the radius P E  of the circle of latitude 
and the other P S  in the direction of PD, making a small angle 
8 with PO. 

The component P R  furnishes the force required by the body 
for its motion in the circle of latitude, and its magnitude is 

PR=niwf cos ~p, 

where r denotes the mean radius of the earth. P S  represents 
the force of gravity a t  the point P ,  and is normal to the earth's 
surface. It gives the initial acceleration g of the body. 

2. West-east motion. 

Let a be the attraction of the earth on the body. 

SBf is the perpendicular to P O  from S. 
In the triangle PQR we have 

8 m w 2 r c o s p  

Since 8 is a very small angle, we have 

- - .. 
sin p-  PS - 

P S = P N = P Q - Q M  :. P S = a = n i w ' r c o s ' p ,  
m w ' r  sin p cos p 
a - m w' r cos2 Q ' and 8 = 

Now suppose that the body is moving with a uniform ve- 
The an- locity v on the circle of latitude from west to east. 

gular velocity of the body is 

Iv 

Fig. 1.-Section along earths axis, thru part of Northern Hemisphere, 
showing cause of deflection of a body moving eastwtLrd or westward. 

and the component force along P E  is a little greater than 
PR. Denote this component force by PR'. Then the other 
component will be PtY, making the angle 8' with PC. fiere 8' 
is greater than 8. 

v *  
P S ' = a - n i  ( w +  r cos' e .  

m wa r sin cos (F + 2 'm w 'u sin y 
n - i n w 2 r c o s a  ~p - 2 m w  u cos 'p 

We neglect two very small terms, 

- - 

ni v 2  
- r and r cos 9 9 

in the denominator and numerator, respectively. 

m . u  ' sin q 

J J = 3 ' - 8 L  
2 m  iu v sin 'p 

a - ni w a r  cos' ~p - 2 ni w v cos 'p 

When the body is at  rest, the force of gravity acting on the 
body is perpendicular to the earth's surface, the horizontal 
plane HH, but when it is moving HH' is not the level surface 
for it. In this case the component of the earth's attraction 
acting on the body has the component P H  along the surface 
HH' by which the body is foroed to deflect ita course of mo- 
tion. This component is the ccdeflecting force due to the 
earth's rotation," which is 

f = P S " s i n  Aa=PS'x  doJ-22nlo usinq.  
In case of motion from eest to west, the angular velocity of the mov- 

v ing body becomes ( - __ ) , and 6' is a little less than 6. Hence 
?-cos+ 

the body is deflected polewards. 
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3. South-north motion.t Suppose a body has moved from 
P to Q (fig. 2) the time t which is supposed to be so small that 
the velocity of the body may be assumed as constant during 
the interval. Since the body has the eastward velocity w 1’ cos 9 
at P and w r cos f-”’ at Q the eastward displacement of the 
body at the end of the time t is w r (cos Q - cos Q‘)t which we 
shall denote by s. Let the velocity of the body along the 

ut 
meridian be u, then PQ = ut = 1’ (e’ - Q ) i I 

Ip -F 
w vt 

Ip - v  s=  w r  (cos Q - cosp’) t = -i-- (cos p - c o s y ’ )  

? 

Fig. %-Section along earth’s axis, thru part of Northern Hemisphere, 
showing cause of deflection of a body moving northward or southward. 

Considering that this eastward displacement is cause,d by 
the so-called “deflecting force due to the earth’s rotation ” we 
have 

where a denotes the acceleration of the force. 
8 = 4 UtJ, 

which is the same as in the case of the west-east motion. 
Hence, whenever a body moves in any direction on the earth’s 
surface, there is a force (2 incuu sin y )  arising from the earth’s 
rotation which tends to deflect the body to the right in the 
Northern Hemisphere, and to the left in the Southern. 
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